Abstract. Peripheral arterial disease is common in diabetic chronic kidney disease (CKD) and is characterized either by abnormally low or high ankle-brachial index (ABI). Whether low or high ABI carries similar prognostic value is unknown. The association of baseline ABI with all-cause mortality over 40 ± 21 months (mean ± SD) was ascertained in 167 proteinuric diabetics (age 57 ± 7 years; median urine protein-creatinine, 2.5 mg/mg). Association of change in ABI with all-cause mortality was determined in 75 subjects with normal ABI (0.9 -1.3) at baseline. Among 167 participants, 41% had an abnormal ABI: < 0.9, 18%; and > 1.3 or non-compressible arteries, 23%. Only individuals with low ABI had a significantly higher risk for all-cause mortality (hazards ratio (95% confidence interval), HR: 2.23 (1.07, 4.65)). In subjects with normal ABI at baseline with follow-up measurement (n = 75), vascular disease worsened in 39% over 23 ± 6 months: 17% had either a decrease in ABI by ≥ 0.1 or a final ABI < 0.9, and 21% had a final ABI > 1.3 or noncompressible arteries. Only individuals who had a decrease in ABI over time had a significantly higher risk for death (adjusted HR, 7.41 (1.63, 33.65)). Peripheral arterial disease is not uncommon and progresses rapidly in individuals with diabetes and proteinuria. Low or declining ABI is a strong predictor of all-cause mortality. Routine measurement of ABI is a simple bed-side procedure that may permit easy risk-stratification in diabetic CKD patients.
Introduction
Diabetes is the most common cause of nontraumatic amputation in the United States; this higher risk is, at least in part, secondary to a higher prevalence and severity of peripheral arterial disease in diabetics [1, 2, 3] . The problem is further accentuated in diabetics with chronic kidney disease (CKD), and both a reduction in glomerular filtration rate and albuminuria are associated with a higher likelihood of peripheral arterial disease [4, 5, 6, 7] . Ankle-brachial index (ABI) is a readily obtainable measure at the bedside and occlusive peripheral arterial disease -invariably secondary to atherosclerosis -is characterized by low ABI (< 0.9). Low ABI is also a highly sensitive marker of systemic vascular disease burden and is a strong, independent predictor of fatal and non-fatal cardiovascular events in individuals with and without diabetes, with and without CKD [8, 9, 10, 11, 12, 13, 14] . However, many diabetics have high ABI (> 1.3 or 1.4) and a substantial proportion have non-compressible peripheral arteries [15, 16] . High ABI is considered to be a marker of vascular stiffness and/or medial artery calcification. However, some individuals with high ABI have evidence for underlying occlusive peripheral arterial disease [15] . There is a paucity of studies that have examined the relationship of high ABI to patient outcomestwo studies have demonstrated that high ABI is associated with higher mortality in hemodialysis patients [17, 18] . To our knowledge, there are no such studies in patients with earlier stages of CKD.
Studies from the general population suggest that decrease in ABI over time, in addition to low ABI at baseline, is associated with higher increased risk for non-fatal cardiovascular events or all-cause mortality [19, 20, 21] . There are no studies that have described the association of change in ABI over time with outcome in patients with CKD. Furthermore, many diabetics have non-compressible arteries leading to an elevated ABI [22] ; whether increase in ABI over time is associated with a higher risk for death has not been tested even in individuals without CKD. Closing these gaps in our knowledge is critical to validate the use of repeat measurement of ABI for risk prediction in CKD. We undertook this study to test the following two hypotheses: in individuals with diabetes and proteinuria, 1) both low and high ABI are associated with a higher risk for death, and 2) both a decrease and an increase in ABI over time is associated with higher all-cause mortality.
Subjects and methods

Inclusion criteria and subject assessment
This analysis is based upon data collected for subjects enrolled in a prospective cohort study of coronary artery calcification in individuals with Type 2 diabetes and diabetic nephropathy not undergoing maintenance dialysis. Data from this cohort has previously been published [23, 24] . Subjects were considered to have Type 2 diabetes if the diagnosis was made after the age of 30 and if they had been treated either with diet or oral medications for at least 6 months. The presence of diabetic nephropathy was defined as either the presence of consistent findings on a kidney biopsy, or a presumptive diagnosis using criteria similar to those used by the Family Investigation of Nephropathy in Diabetes (FIND) study: urine protein-creatinine ratio ≥ 0.5 mg/mg at least once within 12 months before enrollment and diabetes duration of either ≥ 10 years, or in individuals with diabetic retinopathy, diabetes duration of ≥ 5 years [25] . This study was approved by the Institutional Review Board of Los Angeles Biomedical Research Institute at Harbor-UCLA.
Subjects were evaluated at the outpatient general clinical research center at Los Angeles Biomedical Research Institute after an overnight fast and underwent clinical and laboratory (urine and blood) assessment for ascertainment of the prevalence and/or severity of traditional, diabetes-related, and renal-related risk factors. History of cardiovascular disease was defined by the presence of one of the following: angina using the Rose questionnaire, history of myocardial infarction, or cerebrovascular accident, or previous revascularization. Electron-beam computed tomography (EBCT) scan was done at the baseline visit to measure the coronary artery calcification score. Estimated glomerular filtration rate (eGFR) was calculated using the abbreviated four-variable Modification of Diet in Renal Disease equation [26] . Serum albumin level was measured using bromcresol purple method. Serum intact parathyroid hormone (PTH) and homocysteine levels were measured using immunochemiluminometric assays (Quest Diagnostic Laboratories, San Juan Capistrano, CA, USA), and serum 25-hydroxy vitamin D was measured using liquid chromatography, tandem mass spectroscopy at Quest Diagnostic Laboratories (San Juan Capistrano, CA, USA).
After the baseline assessment, subjects were invited for follow-up visits at 12 and 24 months. However, if the subjects required maintenance dialysis prior to these pre-determined intervals, all attempts were made to complete one follow-up assessment within 3 months of the first dialysis treatment. This analysis is based upon data collected at baseline and the last follow-up visit.
Measurement of ankle-brachial index (ABI)
Doppler ultrasound (Nicolet Vascular Elite 100, Golden, CO, USA) with 8 MHz frequency probe was used for measuring systolic blood pressure in brachial, posterior tibial, and dorsalis pedis arteries bilaterally with the subject in the supine position. All ABI measurements were performed by three observers using the same equipment and a standardized protocol. Right and left ABI were calculated as the ratio of the highest systolic blood pressure in each of the two lower extremities (highest of posterior tibial or dorsalis pedis artery) to the brachial artery systolic blood pressure (highest of the right and left sides), respectively. Of the 170 subjects enrolled in the study, ABI were ascertained for 167 participants at baseline. Subjects were divided into three groups based upon this baseline measurement: (1) ABI < 0.9 in at least one of the two lower extremities, (2) ABI 0.9 -1.3 in both lower extremities, and (3) ABI > 1.3 or non compressible artery in at least one lower extremity.
Of the 99 subjects with normal ABI at baseline, follow-up assessment was com-pleted for 75 individuals (76%). Reasons for inability to complete follow-up were: subject death, 7; subject refusal to come for followup visits, 10; lost-to-follow-up, 6; and ABI measurement not performed on follow-up visit, 1. There was no significant difference between any of the measured demographic, clinical, or laboratory characteristics of the included and excluded subjects. Individuals with normal baseline ABI were grouped into (8) 12 (5) 15 (6) three categories based upon change in ABI over time as follows: (1) decrease in ABI ≥ 0.1 or final ABI < 0.9; (2) final ABI in the normal range (0.9 -1.3); and (3) final ABI > 1.3 or non-compressible blood vessels. Annualized change in eGFR was determined for each subject; for the 6 individuals who had progressed to ESRD (8%) by the time of the last follow-up visit the final eGFR was assumed to be 10 ml/min/1.73 m 2 .
Ascertainment of subject survival
Subjects were contacted once every 6 months via telephone to ascertain the vital status of each participant. If phone contact was unsuccessful, at least two certified letters were sent followed by home visit by a member of the study staff. To supplement the information obtained by study staff, a National Death Index screen was performed with follow-up through December 31, 2008.
Statistical analysis
Data were summarized as mean and standard deviation, or median and interquartile range, or proportions. The significance of difference of characteristics at baseline between continuous variables was determined using unpaired t-test, Mann-Whitney ranksum test, or 1-way analysis of variance, as appropriate. For categorical variables, the significance of difference was determined using the χ 2 -test. Time-to-event survival analysis among all 167 study participants was performed to determine the relationship of baseline ABI to patient survival. Subjects were censored either at the time of death, last phone contact by study staff, or last day of follow-up from National Death Index (12/31/2008), whichever was later. Log-rank test was used to determine the significance of difference in survival in the three study groups based upon baseline ABI. A Cox proportional hazards model was used to determine the baseline predictors of mortality among all 167 study participants. All variables listed in Table 1 were tested for their association with patient survival and for these analyses all continuous variables were divided into quartiles to avoid making the assumption that there was a linear association of the variable of interest with mortality. For adjusted analysis, variables significantly associated with survival on univariate analyses (p < 0.05) were entered into a forward selection multivariate model using likelihood ratios with the except of coronary artery calcification as it is the only variable that is not routinely measured in clinical practice. Similar univariate and multivariate analyses were performed to determine predictors of mortality in subjects with normal ABI at baseline in whom follow-up evaluation was completed.
All statistical analyses were done using PASW Statistics 18.0 software (SPSS Inc, Chicago, IL, USA); p value < 0.05 was considered statistically significant.
Results
Patient characteristics
The study cohort consisted of 167 Type 2 diabetics with proteinuria. At baseline, 41% had an abnormal ABI: 18% had ABI < 0.9, and 23% had either ABI > 1.3 or non-compressible arteries. Of the 38 subjects in the latter group, 8 had ABI > 1.3, and 30 had noncompressible arteries. The demographic, clinical, laboratory, and medication usage data, categorized by baseline ABI is summarized in Table 1 . Compared to the two other groups, individuals with ABI < 0.9 were significantly more likely to have a previous history of cardiovascular disease, be current smokers, more likely to be prescribed beta blockers, and had higher coronary artery calcification scores (Table 1 ). In contrast, individuals with normal ABI at baseline were less likely to have hypertension, had higher diastolic blood pressure, and the lowest coronary artery calcification scores. Finally, individuals with ABI > 1.3 or non-compressible arteries had significantly higher serum creatinine and albuminuria at baseline compared to the other two groups.
Predictors of change in ABI over time
Follow-up assessment was completed for 75 of the 99 subjects with normal ABI at baseline after a mean interval of 23 ± 6 months. There was no significant difference between any of the measured demographic, clinical, or laboratory characteristics of the included and excluded subjects. Vascular disease worsened over this follow-up period in 39% of subjects. 13 subjects (17%) had a final ABI < 0.9 (n = 8, mean decrease 0.2 ± 0.1, range 0.04 -0.34), or had a decrease in ABI by at least 0.1 but still within the normal range (n = 5). Furthermore, 16 (21%) subjects had a final ABI > 1.3 (n = 11), or had non-compressible arteries (n = 5). The baseline characteristics, and change in renal function based upon time course of ABI is summarized in Table 2 . Individuals with decrease in ABI by at least 0.1 or final ABI < 0.9 were substantially more likely to have a history of cardiovascular disease (Table 2) . There was no significant difference in any of the other baseline characteristics, or medication usage between any of the three groups.
Association of baseline and change in ABI over time with subject survival
Over a follow-up period of 40 ± 21 months, 43 of the 167 subjects evaluated at baseline died: ABI 0.9 -1.3, 18 of 99 subjects (18%); ABI < 0.9, 12 of 30 (40%); and ABI > 1.3 or non-compressible, 13 of 38 (34%). Using time-to-event analysis, the risk for death was significantly higher in individuals with baseline ABI < 0.9 (hazards ratio (95% confidence interval): 2.23 (1.07, 4.65)); the higher risk for death in individuals with ABI > 1.3 or non-compressible arteries did not reach statistical significance (1.98 (0.97, 4.04)) (Table 3) (Figure 1 ). Other significant predictors of survival, on univariate analyses, are also summarized in Table 3 . The qualitative trend for a higher risk for death with ABI < 0.9 persisted on multivariate analyses but did not reach statistical significance (adjusted HR, 1.79 (0.84, 3.84)). Race/ethnicity and baseline eGFR were identified as predictors of mortality in this cohort. Similar results were obtained when age, hypertension, and proteinuria were forced into the model or when eGFR was used as a continuous, rather than a categorical variable.
75 subjects with normal ABI at baseline had repeat evaluation after a mean interval of 23 months. Over a mean follow-up period of 21 ± 16 months from the second assessment (follow-up from baseline assessment, 44 ± 17 months), 11 subjects (15%) died. This includ- The adjusted model was built using forward selection of variables significant on univariate analysis (except coronary artery calcification score). GFR = glomerular filtration rate; ABI = ankle-brachial index.
ed 5 of the 13 subjects with a decrease in ABI over time (39%), 3 of the 16 with increase in ABI over time (19%), and 3 of the 46 with ABI that stayed within the normal range (7%). The risk for death was significantly higher in subjects who had a decrease in ABI over time ( Figure 2 ) ( 
Discussion
To our knowledge, this is the first study to report on the progression of peripheral arterial disease in diabetics with CKD and it allows us to make several important observations. First, over 40% of our study cohort of individuals with diabetes and proteinuria with an average eGFR of 58 ml/min/1.73 m 2 had an abnormal ABI at baseline -the prevalence of high ABI or non-compressible arteries was somewhat more common than a low ABI. Second, almost 40% of subjects with normal ABI at baseline had worsening of vascular disease over a relatively short follow-up period of 23 months. Finally, both a low ABI at baseline or a decrease over time, were stronger predictors of mortality than a high baseline ABI or an increase over time.
It has been estimated that the prevalence of ABI < 0.9 and > 1.3 in non-institutionalized American adults (≥ 40 years of age) with creatinine clearance > 60 ml/min/1.73 m 2 is 3.7% and 3.4%, respectively [27] . Several studies have demonstrated a substantially higher prevalence of either a low or a high ABI in subjects with CKD, particularly in those with diabetes mellitus [9, 13, 16, 28] . The prevalence rate of abnormal ABI at baseline in our population is consistent with these previous findings. It is widely accepted that a low ABI is secondary to occlusive atherosclerosis in peripheral arteries and is strongly associated with distal ischemia and limb loss in the general population [29] . Furthermore, it is a marker of systemic atherosclerosis and in the general population has been associated with higher risk for fatal and non-fatal cardiovascular outcomes [30, 31, 32, 33, 34, 35] . Similar association of low ABI with cardiovascular events has been reported in populations with CKD [7, 13, 36] . Furthermore, in our study, individuals with low ABI were significantly more likely to have clinically manifest cardiovascular disease than the other two groups. This suggests that like in the general population, low ABI represents underlying atherosclerotic disease in individuals with CKD, a condition that is invariably associated with intimal calcification [37] . However, less is known about the pathophysiologic basis for the high prevalence of increased ABI in diabetic CKD subjects. It is likely that high ABI is a marker of increased vascular stiffness, with/without associated medial artery calcification -both of which are increased in prevalence and severity in diabetic CKD [16, 38, 39, 40] . Consistent with these considerations, individuals with either low or high ABI in our study had higher coronary artery calcification scores than those with normal ABI. It is possible that the calcification in the former group is largely intimal while in the latter is medial. However, this was not directly studied herein and remains speculative.
There are no published studies that have reported serial measurements of ABI in any population of diabetic individuals with CKD or among those undergoing maintenance dialysis. Our study allows us to describe for the first time the natural history of ABI in a well-delineated cohort of individuals with diabetes and proteinuria. Over a relatively short average follow-up period of 23 months, the ABI of almost 40% of individuals with a normal value at baseline became abnormal. The incidence of an abnormal ABI in our cohort is considerably higher than reported in other high-risk populations. While 17% of our cohort had a clinically relevant decrease in ABI over 23 months, only 9.5% of elderly individuals enrolled in the Cardiovascular Health Study had a similar change (ABI decrease > 0.15 or final ABI < 0.9) over 6 years [41] . To our knowledge, there are no studies that have described the incidence of increase in ABI over time in individuals with or without CKD. In the cohort described herein, 1 in 5 of individuals with diabetes and proteinuria with normal ABI at baseline had a significant increase in ABI in less than 2 years. Individuals who had a significant decline in ABI over time were more likely to have a previous history of cardiovascular disease than the other two groups. There were no other demographic, clinical, or laboratory parameters at baseline that could allow us to predict which individuals would have worsening of peripheral arterial disease over time. This issue needs to be investigated further in future studies to allow us to develop interventions to slow the rapid progression of peripheral arterial disease in this high-risk population of individuals with diabetes and proteinuria.
In addition to the first description of the natural course of subclinical peripheral arterial disease in individuals with diabetes and proteinuria, our study suggests that ABI may be a useful tool to risk stratify a high-risk CKD population. A low ABI at baseline was associated with a significantly higher risk for all-cause mortality; the trend for association of high ABI did not reach statistical significance. Low ABI has been demonstrated to be strongly predictive of all-cause and cardiovascular mortality in a variety of populations without kidney disease [8, 14, 30, 35, 42, 43] . Similar associations have been described in individuals with different stages of CKD, including those with end-stage renal disease undergoing hemodialysis [9, 13, 17, 18]. Our study corroborates the findings of these previous studies; the magnitude of increase in death risk with low ABI was similar to that seen with high serum C-reactive protein. There are substantially fewer studies that have examined the association of high ABI with hard outcomes -some such studies have demonstrated a higher risk for death in individuals with high ABI without kidney disease or among those undergoing hemodialysis [8, 17, 18] . To our knowledge, this study in individuals with diabetes and proteinuria is the first such study in CKD individuals not undergoing dialysis. The trend for higher risk for death in individuals with high ABI at baseline did not reach statistical significance. Given the relatively modest sample size, we cannot definitively exclude a higher risk in individuals with high ABI compared to those with normal assessment at baseline. However, it seems appropriate to conclude that a low ABI portends a significantly worse prognosis than either a high or normal ABI at baseline.
Longitudinal assessment and risk prediction with change over time in this study cohort is perhaps the strongest argument in favor of further evaluating ABI for risk prediction in diabetic CKD. Consistent with our findings using the baseline measurement, it was a decline in ABI over time in individuals with previously normal ABI that was associated with the highest risk for all-cause mortality. These findings are consistent with observations of a higher death risk with decrease in ABI in individuals with known peripheral arterial disease [19, 20, 21] . However, there are no such studies in unselected population of individuals with or without kidney disease and our study is the first such demonstration. Moreover, we are not aware of any studies that have examined the risk associated with an increase in ABI over time in any population. In our study of diabetic CKD, the trend for a higher risk with increase in ABI over time did not reach statistical significance. Just like for the baseline assessment, we cannot definitively exclude that an increase in ABI identifies an individual with a higher risk for subsequent all-cause mortality. However, it appears reasonable to conclude that a decrease in ABI over time portends a substantially worse prognosis in individuals with previously normal ABI.
It is probable that decline in ABI identifies individuals with the greatest worsening in systemic atherosclerosis which, in turn, is responsible for the higher all-cause mortality.
The results of our study should be interpreted in light of its limitations. First, our study population was limited to individuals with diabetes and proteinuria with early stage CKD. Whether the predictive value of ABI and its change over time applies to individuals with diabetic end-stage renal disease or non-diabetics with kidney disease needs investigation in future studies. Second, the number of mortal events was relatively modest and this may have limited the statistical power for some of our analysis. This appears to particularly be the case for individuals with high or increasing ABI. Third, data on symptoms attributable to peripheral arterial disease (claudication or rest pain) were not available. There is concern that increased vascular stiffness may lead to an apparently normal or high ABI and thus, mask the presence of underlying occlusive vascular disease [15, 44] . This may be particularly true in individuals with diabetes mellitus and CKD who are more likely to develop medial artery calcification. Furthermore, the follow-up was not long enough for us to determine association of ABI with non-traumatic amputation. Fourth, we did not have access to information regarding cause of death and hence, we could not analyze the data for cause-specific mortality. Finally, our study cohort was comprised predominantly of Latinos; care should be exercised when extrapolating our findings to other racial/ethnic groups. Similarly, our findings of differential risk for different racial/ethnic groups should be interpreted with caution.
In summary, in this analysis from a longitudinal prospective cohort, we report a very high prevalence of abnormal ABI in individuals with diabetes and proteinuria. In a significant proportion of individuals with normal ABI at baseline, it became abnormal over a relatively short period of time. Furthermore, low or declining ABI in individuals with diabetes and proteinuria is associated with 2.2-and 7.1-fold higher risk, respectively, for all-cause mortality. These findings provide strong support for using longitudinal assessment of ABI in the day-to-day assessment of individuals with diabetic CKD. Given that ABI is readily obtainable at the bedside at a substantially lower cost than other measures that have been shown to be associated with mortality in this population (viz., coronary artery calcification scores, measures of inflammation, or mineral metabolism) makes it even more attractive for routine clinical use. Future studies should investigate whether the risk associated with low or decreasing ABI at baseline is modifiable.
